On the completion of a large-scale hydropower station, the change of the water area can cause a corresponding change of local weather. To examine such changes, this paper analyzed the effect of the reservoir in the head area of the Xiluodu hydropower station based on the temperature data of MODIS MYD11A2. The temperature differences (TD) between various locations in the study area and the reservoir were calculated to explore the TD in different seasons. The reservoir effect change intensity (RECI) was established to explore the impact of the reservoir on local weather changes in different flood seasons. The combination of the TD and RECI was applied to explore the role of the hydropower station in regulating the temperature of the surrounding reservoir. The results showed the following: (1) after hydropower station construction (HSC), the TD in the valleys decreased and the TD in the dry season was lower than that in the wet season; (2) the RECI had different distribution characteristics in different flood seasons of the reservoir, and the RECI was stronger in the wet season than that in the dry season; and (3) unlike in the plains, cooling and warming effects existed simultaneously in different parts of the mountains.
Introduction
Water is an important component of nature and is the most active element in the environment. Water moves constantly and participates actively in a series of physical, chemical, and biological processes in the natural environment. Significant differences between the radiation and thermal characteristics of water and other substances influence their surrounding microclimate. Water is one of the main measures for alleviating urban heat island effects [1] , mainly through cooling and humidifying surrounding air through transpiration and water evaporation [2] [3] [4] . This is significant as urban heat islands, generated during urban development and construction, have led to a series of problems such as the rise of urban air temperature, air pollution, and energy consumption [1] .
In Tehran, the capital of Iran, Bokaie et al. found that water has a slowing effect on the intensity and spread of urban heat islands [5] . In Gansu Province, China, Shi et al. studied the changes of environmental factors in the water area after artificial water conveyance in the lower reaches of the Shiyang River. The results showed an obvious "cold island" effect on the water, which promoted a similarly obvious improvement of the regional ecological environment [6] . In the area of the Shihezi Wasteland, Gao et al. studied the spatiotemporal variations of the cold island effect in the Shihezi Oasis and the cold island effect influencing factors. The results showed that the cold island effect of Shihezi Oasis first decreased and then increased, and showed that an increased water area led to an enhanced oasis cold island effect [7] . Furthermore, many scholars have found that the cold island effect of an oasis significantly and positively affected the stability of the oasis [8] [9] [10] [11] . Consequently, the cooling effect of water is of great significance in maintaining the stability of urban and oasis ecological environments.
With the acceleration of hydropower development and construction, the issues of hydropower construction that alter the water area and surrounding ecological protection have become increasingly prominent. Studies had shown that dams could change the weather of the surrounding areas [12] [13] [14] . Degu et al. studied 92 large dams in North America and found that dam construction could change the surrounding weather and rainfall pattern, and they suggested building dams to ameliorate certain extremely bad weathers [15] . Moreover, Miao et al. studied the regulation of sediment in the Xiaolangdi reservoir and found that the water sediment regulation scheme (WSRS) implemented in 2002 has weakened in both function and impact, thereby increasing the risk of flooding [16] . Kong et al. studied the Xiaolangdi Dam and found that a new regulatory framework helped to stabilize the runoff [17] . Liao et al. analyzed the microclimate effects of the construction of 12 large reservoirs in Fujian Province, and they found definite microclimate effects due to the reservoirs and that different microclimates were produced by the reservoirs at different times [18] .
The impact of water on the environment can be different associated with time and seasonality. Litvinov et al. discussed the ecosystem of the Rybinsk reservoir according to the seasonal water level [19] . Arfi et al. studied the ecological effects of changes in the water level of a single reservoir in Mali in West Africa. The results showed that the surrounding ecological environment is very sensitive at low water levels and that reservoir management rules and the duration of low water levels should be defined [20] . Casado et al. quantified the effects of flow regulation on the thermal behavior of rivers in a basin of Argentina. The results showed that regulating the river runoff would impact both the water temperature and the stability of the overall weather below the dam [21] . Reservoir scheduling is one of the main aspects of reservoir project management. Some scholars have suggested dynamic control of the flood-control water level to improve the utilization rate of water resources during the flood season scheduling of reservoir [22] [23] [24] [25] [26] . When the flood is small, it is necessary to increase the flood control level. When the flood is too large, flood control should be reduced [27] . For power generation without increasing the risk of flood control, Li et al. realized that the Three Gorges Project could effectively improve the land utilization rate under dynamic reservoir control [28] .
Most of the aforementioned studied areas are located in flat terrains. The nature and extent of weather change depends on the geographical locations. Rastorguev et al. found that, in mountainous conditions, reservoirs have a smaller impact on the surrounding weather than they do on plains because of the special topographic conditions in mountains [29] . At high altitudes, the surface temperature is related to altitude. Sun et al. studied the effects of topography on temperature and its distribution in complex mountainous environments. They found that altitude had the greatest effect on the variation and distribution of surface air temperature [30] . By analyzing the trend of temperature change, Kane et al. found that altitude had a great influence on the temperature change [31] . Bailey et al. found that for every 1000-m increase in elevation, the average temperature dropped by 6.4 • C and that this law has regional characteristics [32] . By studying the cold island effect of parks and lakes in Chongqing, Li et al. found that the strength of the cold island produced by the water was greatly affected by altitude [33] . Zhao et al. divided areas with large differences in altitude into either mountains or plains according to altitude, and the results showed that the cold island effect changed differently in the two regions [34] .
The Jinsha River Dry-Hot Valley has a special distribution of geographical landscapes. The valleys are lower in elevation and its ecological environment in these areas differs greatly from that in the surrounding area, forming a local drought climate. Because of the special dry-hot climatic conditions, the ecological environment and the ecosystem are fragile, which seriously hampers the ecological protection and social development in the area [35] [36] [37] . The Xiluodu hydropower project is an important part of the cascade hydropower development in the Jinsha River basin and is the largest hydropower station in the Jinsha River. After a large-scale hydropower station comes into operation, artificial reservoirs form in its upper reaches. As the area of water expands, the local weather changes [38] . Therefore, it is very important to study the changes in surrounding temperature before and after hydropower station construction (HSC) to analyze the reservoir effect and its changes. At present, the methods for studying the climate effects generated by hydropower projects need to be deduced through complex theories or numerical simulations, and most of these models require long-term field measurements [39, 40] . When the terrain of the study area is complex and dangerous, remote sensing technology has become the safest and most convenient means for data acquisition.
This research, therefore, aims to develop a relatively simple method to assess the intensity of the local weather change due to a dam construction in different (e.g., dry or wet) seasons. To reach this goal, we developed two indices, temperature difference (TD) and reservoir effect change intensity (RECI), and evaluated the scenarios of warming, cooling, and no adjustment effects of the reservoir on surrounding surface temperature. Specifically, the research aimed to study the following:
(1) The spatial variations of land surface temperature before and after HSC in wet and dry seasons; (2) The impact of reservoir (e.g., warming, cooling, or no adjustment effect) on surrounding lands using the integration of TD and RECI; and (3) The quantification of the impact of reservoir and seasonality on the spatial distribution of TD and RECI with a classification scheme.
Materials and Methods

Study Area
The study area is the head area of the Xiluodu Reservoir (27 • 50 -28 • 20 N, 103 • 00 -103 • 40 E) with an area of 2548.78 km 2 . The Xiluodu hydropower project is an important part of cascade hydropower development in the lower reaches of the Jinsha River. The project was started in late 2005 and put into operation in 2013. It is a giant hydropower station that focuses on power generation, balancing the comprehensive benefits of sand blocking and flood control. The normal water level of Xiluodu Reservoir is 600 m and the dead water level is 540 m. The total capacity of the reservoir is 12.8 billion cubic meters and regulation of the storage capacity is 6.46 billion cubic meters. Incomplete annual regulation can be carried out. Inundation of the reservoir involves nine counties (districts) in Sichuan Province. The hydropower station is located at the junction of Leibo County, Sichuan Province and Yongshan County, Yunnan Province, within the Jinsha River Gorge between the northeastern Yunnan Plateau and the southwest Sichuan Basin. The left bank is the Daliangshan area in the southwestern Sichuan; the right bank is the northern edge of the northeastern Yunnan Plateau (Figure 1 ). The hydropower-station area is a narrow valley from northwest to southeast and its construction elevation is 400-800 m above sea level. The Xiluodu hydropower-station area has high mountains, low valleys, complex terrain, and a variable weather, and it suffers frequent meteorological and geological disasters.
The study area is located in the Dry-Hot Valley of the Jinsha River. The ecological environment is fragile in this area, and the contradiction between water and heat is very prominent. Degradation of vegetation and soil is serious. The annual average temperature is 20-27 • C, the annual rainfall is 600-800 mm, and the annual evaporation is three to six times of the annual precipitation. The wet and dry seasons in the study area are clearly distinguished. In the dry season (November to May), the precipitation is only 10.0-22.2% of that in a whole year and the evaporation is 10-20 times of the precipitation. During this period, the soil exhibits moisture deficiency, with the relative water content and effective moisture guarantee rate being very low [36, 41, 42] . 
Data
With the implementation of the development strategy of the southwest hydropower cascade in China, an environmental survey was conducted to examine the abundant water resources of the Jinsha River. However, because the elevation exceeds 2000 m in parts of the Jinsha River valley, with its steep valleys and cliffs, the survey was greatly hampered by transportation issues and it had been extremely difficult to use conventional ground-based survey methods to study the reservoir environment systematically. Instead, remote sensing technology was employed to obtain surface information. The reservoir topography was extracted based on visual interpretation of the Landsat TM/OLI remote sensing imagery. The selected temperature data were generated from MODIS remote sensing images through the split-window algorithm and were radiated to the cloud for processing. The product name is MYD11A2, with a resolution of 1 km and a period of 8-day. The global division of MODIS images is numbered H27V06, which is transited every day at about 13:30 in the afternoon and 01:30 in the night of the next day. After various processing such as coordinate transformation and image stretching, the temperatures were obtained. The MODIS remote sensing images were distributed through NASA's Earth Observing System Data and Information System via the Reverb website (https: //search.earthdata.nasa.gov/) and the Geospatial Data Cloud website (http://www.gscloud.cn/). In addition, we obtained DEM data with a resolution of 90 m via the Reverb website because the study area was determined based on DEM data. Table 1 , which indicates the choice of study period is not specific. The river where the multi-stage cascade hydropower station is located has the characteristics of large runoff and uneven spatial distribution of runoff [43] . According to Song [44] , the rainfall distribution in the deep runoff area was not uniform: wet and dry seasons were obvious and the distribution was mainly during June-September. Therefore, we defined the flood season of the study area according to the actual situation: the wet season is June-August, and the dry season is December-February (running into the following calendar year). The data involved in wet and dry periods are the average of three months of MODIS images, with three or four MODIS images per month. 
Selection of Study Period and Reservoir Flood Season
Calculation of TD
Based on the surface temperature obtained from MODIS imagery, TD was calculated to examine temperature differences between each location of the study area and the nearest river surface. For a particular pixel, the land surface temperature (LST) was extracted from the MODIS imagery using the split-window algorithm. For deriving the LST of the nearest river surface (LST EA ) for the pixel, the Euclidean Allocation (EA) method of ArcGIS, a commercial geographic information system (GIS) package, was employed to assign the nearest river surface temperature. Then, TD was obtained by taking the difference between LST and LST EA . The equation is as follows:
where TD is the temperature difference ( • C), LST is the land surface temperature of a particular pixel, and LST EA is the land surface temperature ( • C) of the nearest river surface obtained by the EA processing.
Establishment of RECI
The construction of the reservoir has an impact on the surrounding environment. To study the changes of impact before and after HSC, we have newly established an index to subtract the TD before HSC from that after, which is defined as the RECI (reservoir effect change intensity). The equation is as follows:
where RECI represents the difference in TD ( • C) between different periods at the same location, and TD F and TD L represent the TD ( • C) before and after HSC, respectively.
Reservoir Effect on Temperature and Its Distribution
Water plays an essential role in regulating and compensating the surrounding temperature. Many previous articles on the impact of reservoir effects on the surrounding temperature basically adopt the method of observing the temperature around the reservoir to judge the cooling/warming effect. This paper uses TD and RECI to discuss the effects of the reservoir on temperature. Based on the different combinations of TD F (before HSC), TD L (after HSC), and RECI, eight scenarios representing the effect of HSC on surrounding temperature were obtained and summarized in Table 2 . Table 2 illustrates that cooling effects occur with two scenarios, both with RECI lower than zero. For the first scenario (Row 2 of Table 2 ), TDs are greater than zero before HSC, and greater or equal to zero after HSC. For example, before HSC, the temperature of the water body was 3 • C and the temperature of a certain point in the study area was 5 • C (e.g., TD F = 2). After HSC, the temperature of the water body was still 3 • C, but that point's temperature changed to 3 • C (e.g., TD L = 0, and RECI = −2), which suggests that the reservoir construction has a cooling effect on the surrounding environment. For the second scenario of the cooling effect (Row 4 of Table 2 ), TD is higher than zero before HSC and lower than or equal to zero after HSC. As an example, before HSC, the temperature of the water body was 3 • C and the temperature of a certain point in the study area was 5 • C (e.g., TD F = 2). After HSC, the temperature of the water body was still 3 • C, but that point's temperature changed to 2 • C (e.g., TD L = −1, and RECI = −3), which also suggests that the reservoir construction has a cooling effect on the surrounding environment.
Similarly, two scenarios indicate warming effect with RECI higher than zero (Row 5 and Row 7 in Table 2 ). For Row 5, TD is lower than zero before HSC and is higher than or equal to zero after HSC. As an example, before HSC the temperature of the water body was 4 • C and the temperature of a certain point in the study area was 1 • C (TD F = −3). After HSC, the temperature of the water body was still 4 • C, but that point's temperature changed to 5 • C (TD L = 1, and RECI = 4), which suggests that the reservoir construction has a warming effect on the surrounding environment. Similarly, Row 7 of Table 2 represents the other scenarios of warming effect, with TD before HSC lower than zero and after HSC lower than or equal to zero. As an example, before HSC the temperature of the water body was 4 • C and the temperature of a certain point in the study area was 1 • C (TD F = −3). After HSC the temperature of the water body was still 4 • C, but that point's temperature changed to 3 • C (TD L = −1, and RECI = 2), which also suggests that the reservoir construction has a warming effect on the surrounding environment.
For other four scenarios, the warming or cooling effects are not significant enough to be identified or do not exist. For example, if both TDs before HSC and after HSC are great than zero, and the RECI is great than or equals to zero (Row 1 of Table 2 ), the warming effect is not clear enough to be recognized. Similarly, if both TDs before and after HSC are lower than zero, and the RECI is also lower than or equals to zero (Row 8 of Table 2 ), the cooling effect is not significant enough. Besides, the two scenarios (Row 3 and Row 6 of Table 2 ) do not exist and are not considered in this research. 
Standardization and Reclassification
Because the standardization can eliminate the influence of remote sensing image at different times, TD and RECI have been standardized in this paper. The calculation equations [45] are as follows:
where NTD stands for normalized TD; TD MAX and TD MIN are the maximum and minimum values of TD, respectively; NRECI represents the normalized reservoir effect change intensity; and RECI MAX and RECI MIN represent the maximum and minimum of reservoir effect change intensity, respectively. NTD and NRECI reflect only the size of the TD and RECI values but do not well determine their levels. Therefore, to represent and evaluate the spatiotemporal distributions of TD and RECI more accurately, the ranges of NTD and NRECI can be unified to 0-1 by using Equations (3) and (4) . As shown in Tables 3 and 4 , we divided NTD and NRECI into five grades by means of equal breaks. 
Results
Analysis of Temperature Spatial Distribution and Characteristics
As shown in Figure 2 , the temperature distribution illustrates a clear trend across the study area. That is, the temperature close to the reservoir was relatively high, showing a large difference with the surrounding temperature. The temperature decreased gradually with distance from the reservoir. The temperature distribution is one of the main characteristics of the Dry-Hot Valley. The distributions of temperature in the dry and wet seasons were basically the same, but the highest and lowest temperatures in the dry season were, respectively, less than those in the wet season. In the wet season, the temperature extremes after HSC were not much different from those before HSC. However, in the dry season, the temperature extremes after HSC were lower than those before HSC.
Reservoir Effect and Its Distribution
The results of analyzing the impact of reservoirs on the temperature of the surrounding area (TD and RECI changes) through examining the scenarios given in Table 2 , are shown in Figure 3 . As shown in Figure 3 , the spatial distributions of the cooling and warming effects were quite different. The cooling effect was distributed mainly in a small area close to the reservoir, whereas the warming effect was distributed more widely over a larger area. In the wet season, the extremes of the cooling effect were lower than those in the dry season, and the range of the cooling effect was relatively small. The extremes of the warming effect in the dry and wet seasons were almost the same. The cooling effect in both the wet and dry seasons was basically restricted to within 2 km of the reservoir.
Spatial Distribution and Characteristic Analysis of NTD
The results of normalizing TD (NTD, see Equation (3)) and classifying the study area based on their values according to Table 3 (see Figure 4 and Table 5) show that the distances from the reservoir from near to far were those of the highest, higher, transition, lower, and lowest zones of NTD. That is, the location close to the reservoir is with the highest temperature difference, and a decreasing trend of temperature difference has been discerned. Further, when compared with the dry season, the area of the highest zone in the wet season close to the reservoir was larger, and the NTD varied with distance from the reservoir. In the wet season before HSC, the proportions of the transition zone and higher zone were larger, accounting for 32.2% and 30.4%, respectively. The proportions of the transition zone and higher zone in the dry season remained relatively large at 40.4% and 30.6%, respectively. The proportion of the highest zone close to the reservoir decreased from 18.1 to 11.0%. After HSC, the combined area of the transition and higher zones accounted for a larger proportion. The area of the highest zone close to the reservoir decreased from 12.5 to 3.7% from the wet season to the dry season. In the wet season in different periods, the area of the highest zone close to the reservoir gradually decreased. In the dry season at different periods, the proportion of the highest zone area showed a drastic decrease. 
Spatial Distribution and Characteristic Analysis of NRECI
Similarly, with the results from RECI calculations, we also derived normalized RECI (NRECI) values (see Equation (4)), and classified the study area into different zones based on their values according to Table 4 . The results (see Figure 5 and Table 6 ) show that, in both the wet and dry seasons, the proportion of the middle zone was relatively large. In the wet season, both banks of the reservoir were characterized mainly by stronger-zone and middle-zone areas, and the middle zone within the study area was dominant with a ratio of 60.6%. In the dry season, the changed areas around the two banks of the reservoir were mainly the middle zone and the weaker zone. From the wet season to the dry season, the areas of the stronger, strongest, and middle zones decreased. Meanwhile, the proportions of the lower and lowest zones both increased, which indicates that the RECI diminished. Therefore, before and after HSC, the RECI changed differently in different flood seasons of the reservoir, with the RECI being higher in the wet season. 
Discussion
Construction of the Xiluodu hydropower station started in 2003 and was completed in 2014. By 2016, it had started to generate water and electricity already, leading to an increase in water volume in the study area and a widening of the reservoir. The area of the main river channel has increased from 14.11 km 2 to 52.49 km 2 , which shows that HSC can change the reservoir water area. In the study area, the closer is the neighboring area to the reservoir, the greater is the TD between the surrounding area and the reservoir. It is emphasized that the TD in this paper is not an absolute one but is either positive or negative. The temperature close to the reservoir was higher than the temperature of the reservoir water. Farther from the reservoir, the temperature on both banks of the reservoir became progressively lower than that of the reservoir. Therefore, the trend of TD on both sides of the reservoir was a continuous decrease from positive to negative values. The reason for this is that the study area is located in the dry-hot valley while the lower valley area is higher in temperature. With increasing altitude, the temperature became progressively lower, and so the TD distribution around the reservoir differed from that of the plain area.
This paper explores the TD in relation to two separate aspects, namely the HSC period and the flood season of the reservoir. The rise in water level and the increase of water area after HSC affect the temperatures of the various locations in the study area. The position of the highest zone before and after HSC did not change and was distributed on both sides of the river, but the geographic area of the highest zone after the HSC was less than the geographic area before the HSC, indicating the temperature between the reservoir area and the neighboring area is getting closer, and the temperature between the reservoir and the neighboring area had become more moderate. Moreover, we found that the TD was related to the width of the water area. The wider is the water area, the more obvious are the temperature changes, the greater is TD between water and land, and the more obvious is the cooling effect to the surrounding water [46] . Therefore, differences in the study area caused differences in the results. According to the schedule of the Xiluodu hydropower station, the reservoir discharges during the wet season to relieve the reservoir load, thus reducing the reservoir water level and decreasing the water area. During the dry season, the hydropower station will be shut down to maintain water storage at a high level [27] . Because the water level and its area in the wet season were lower than those in the dry season, the highest zone in the dry season was lower than in the wet season in different flood seasons in the same period, which indicates that the temperatures of the surroundings and the reservoir were more moderate during the dry season. Tashlykova et al. presented the results of a microclimate survey of the Us-Ilimsk reservoir in Angara, Russia, one of the largest man-made reservoirs in the world. The results showed that the reservoir could affect the temperature in the surrounding area, making the neighboring weather more temperate [47] . As temperatures in the neighboring areas approached the reservoir temperature, the temperature became more moderate.
For RECI, during the wet season, the reservoir water level was reduced to run with a lower area of water. The distribution of both banks of the reservoir was mainly the stronger and middle zones, and the reservoir effect in the study area closed to the reservoir was stronger. During the dry season, the water level of the reservoir was raised and the water area was relatively large. The distribution of the two banks of the reservoir was mainly the middle and weaker zones, and the reservoir effect in both banks near the reservoir was weaker. This indicates that the change of reservoir effect was stronger in the wet season compared to the dry season. What is more, in the wet season, the temperature in the study area was high and the reservoir had a good cooling effect on the surrounding temperature. In the dry season, the temperature in the valley was not low and the reservoir had no obvious effect on the surrounding temperature. Therefore, during the period from the wet season to the dry season, the strength of the reservoir effect changed from strong to weak.
Many scholars have studied the specific impact of reservoirs on the surrounding temperature. Rastorguev et al. found that an increased water area due to reservoir construction decreased the temperature in the surrounding area and had a cooling effect in spring and summer [29] , which is consistent with the conclusion that the reservoir regulates the temperature. The influence of the Miyun Reservoir on the ambient temperature was analyzed and the results showed differing results for the reservoir effect in different seasons and at different times [48] . Wang et al. studied the effect of reservoirs on the surrounding temperature and found that the temperature increased in winter and decreased in summer [38] . The research results of Liu and Wang are consistent with the findings of different flood seasons in this article. Fu et al. and Chen et al. [49, 50] found that with the construction of the reservoir, the increase in water area, the winter water body has a warming effect around the reservoir area, and the summer water body has a cooling effect, but the overall effect is to increase the temperature. In this article, the reservoir has the effect of warming and cooling in both winter and summer, but the result is mainly warming. The microclimate effect of reservoir construction was analyzed and it was found that the reservoir adjusted the temperature. Specifically, in the summer, when the temperature is highest in the afternoon (approximately 2-3 p.m.), the temperature in the reservoir area is lower than in the surrounding area, while, in the morning and evening, the temperature in the reservoir area is higher than in the surrounding area [18] . This is the direction we will study next about the reservoir effect at different times of the day. Because of the special geographical location of the reservoir, it had a cooling effect on the surrounding valley area but a warming effect on the higher-altitude area. Because of the impoundment operation of reservoirs in the dry season and the flood discharge operation of reservoirs in the wet season, the water level and water area in the wet season were lower than those in the dry season [27] . Thus, the extreme value and area of the cooling effect in the dry season were both higher than those in the wet season.
In the Jinsha River dry-hot valley, with a large temperature range including extreme temperatures, it is very difficult for plants to grow. Comprehensive analysis showed that the reservoir effect will restrain the high temperature in the dry-hot valley, thereby restraining the transpiration of the surface plants and the evaporation on the ground, which is very beneficial to plant growth. The reservoir effect differs in different reservoir flood seasons, and the reservoir has the simultaneous functions of cooling and warming. It helps both to cool the valley area where the temperature is higher and warm the mountain area at higher elevation, thereby relieving the dry-hot valley weather and improving the fragile ecological environment. Because the research area has changeable climatic conditions in its mountainous areas, it is important to pay attention to the protection of vegetation, to the rational development and utilization of water resources, to maintaining the basic characteristics of the reservoir effects, and to the sustainable development of the Xiluodu hydropower station.
Because of the limited test conditions, there are no measurements of surface temperature. Many other studies, however, have shown that this method is feasible [45, 51] , and have applied the remotely sensed surface temperature data for reservoir water storage and reservoir effects interaction studies [52] [53] [54] . The other limitation of this study is that it is based on an analysis of transit remote sensing data of the Terra satellite at 11:30 a.m. Hence, the distribution of nighttime reservoirs, intensity of change, interaction between reservoir water storage and reservoir effects, and trends require further study. A third limitation is the impact of weather anomaly on the research results. With the developed method, we intentionally mitigate the effects of anomalous local climate on the results. That is, TD is developed to measure the temperature difference between land surface and water surface for the same time, with minimum impact from climatic variation. Consequently, RECI measures the temporal changes of TD, that is, the difference of the impact of water surface on local temperatures, and the effect of the local climate is insignificant. Further studies, however, are necessary to explore such impacts.
Conclusions
In this paper, we employed multi-temporal MODIS imagery to study the temperature and TD, and developed a simple method that integrates TD and RECI to assess the intensity of the microclimate change. Our conclusions are as follows.
(1) The temperature and TD in the study area varied spatially: the closer to the reservoir, the higher the temperature and the higher grade the TD. (2) The reservoir has both a cooling and a warming effect. The cooling areas are distributed mainly in the valleys close to the reservoir with lower altitudes, while the cooling areas are distributed more widely with higher altitudes. (3) In general, moderate temperature variations have been found in the study area after HSC. Further, the temperature in the dry season and close to the reservoir has fewer variations when compared to those in wet season. (4) The RECI differs between the wet and dry seasons, with the reservoir effect more obvious in the wet season than in the dry season.
